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This invention relates to the formation of glass 
or other thermoplastic tubes with a precision 
internal surface by stretching the tube while in 
the softened condition and,thus drawing it on to 
a mandrel which, for that purpose, may be ruade 
of a diameter accurately true to size and with a 
surïace finished absolutely true and smooth. 
The object ofthe present invention, in the 
main, is to cope with certain drawbacks inherent 
in such, stretching processes as hitherto known 
and the aimof the invention can be best ex- 
pressed by a brief explanation of those diflïculties. 
At present a length of tube bas to be selected 
preferably with thick walls and the internal 
diameter not greatly exceeding the bore fo which 
the tube is to be filnished since otherwise, the 
tube when being brought down to the surface of 
the mandrel, crumples or is drawn so as to be 
finished with an uneven thickness at different 
points in a cross-section and at different points 
along its length. It follows therefore, that when 
a tube is to be finished with a very fine accurate 
bore as is needed for example for thermometer 
tubes, it has been necessaryto start with a small 
tube. It can easfly be appreciated that it is a 
consideration which has been in view for some 
time that the starting tubes should be of one 
size or at least have the smallest range of differ- 
ent diameters, possible, even although finished: 
tubes may be, required with an endless number 
of internal dianeters. It is also clear that to 
meet that requirement the production of a fin- 
ished tube, with a very fine bore will involve a 
very large reduction in the internal diameter 
during the drawing, process. 
Te meet these requirements, according te the 
invention, a mandrel which has a tapered section 
preferably connecting two :parallel lengths of 
different diameters is utilized.. The glass or 
other tubing employed can then be first applied 
to a length of the mandrel having.a diameter 
only slightly less than the bore of the starting 
material and in practice of :the ordeï of one to 
two millimeters smaller in diameter. : When the 
mandrel is fo be rotated ,the driving fo d would 
be seurd to the larger, end of the mandrel. 
The tapered portion has a gradual reduction in 
diameter until it attains a diameter,correspond. 
ing to the bore of the tube to be Produced. 
Clearly, also, such a mandel can be employed in 
forming tubes which are of lärger bore than the 
original stock. 
The present invention also, aim at providing 
a method of, drawïng such tubëS whch avoids the 
sticking of the tube fo th e mandrel and conse- 
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quent breakages and yet enables the process to be 
carried out without rotating the mandrel and 
furthermore, reduces the liability of sticking to 
the mandrel even when the latter is rotated. This 
5 method can also be applied to processes of draw- 
ing glass or other thermoplastic tubes when em- 
pl0ying a cylindrical mandrel without any taper. 
This end is attained, according to the present 
invention, by rapidly reciprocating the mandre! 
10 with a small stroke during the drawing and 
shrinking of the tube on to the mandrel and itis 
round that the tubing stretches perfectly whether 
if is drawn down over a tapered mandrel or on 
to a parallel raandrel; these results can be ob- 
15 tained even when the mandrel is hot rotated 
and the action is imçroved even when the man- 
drel is rotated. Good results hure been obtained 
by reciprocating the mandrel for a distance of 
about  to  of an inch backwards and forwards 
20 and ata rate from 30--3000 strokes per mïnute. 
It is possible to make tubes according fo the 
invention which 'are not circular but approximate 
more or less fo a simflar form such as tubes which 
hure a square hexagon or other polygonal form 
25 from tubing having an internal bore but slightly 
larger than the largest internal .dimension of the 
final form by having the mandrel shaped to the 
shape of the desired bore of the tube along the 
whole length of the mandrel on which the tube 
0 is stritched. This is not possible, however, for 
some sections of tubing; for example, in the case 
of a section which approximates to an ellipse 
with fiat Sides and rounded ends, the section 
being % of an inch wide and î across the narïow 
5 width in the bore. In such a case, according t0 
the invention, the tubes may be ruade from thick- 
walled glass tubing of large diameter by using a 
mandrel of tapered form but not of constant 
40 cross-section. The large end, which the tubing 
used first approaches, is of circular cross-secti0n 
and the taper is developed until it merges into a 
smaller parallel portion of the desired cross- 
section on which the final sizing and finishing of 
i5 the drawn tube is effected. 
In ortier that the invention may be clearly 
understood and readfly carried into effect, ar- 
rangements in accordance therewith wfll now 
be described, by way of example, with r.eference 
50 fo the acc0mpanying drawings, in which:: 
Figure 1 is a side elevation of apparatus suit- 
able for use in carrying the invention into effect.; 
Figure 2 is an enlarged view of the left-hand 
part of Figure 1; 
 Figure 3 is an elevation, partly in axial section, 
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3 
of a compound mandrel for use in the present in- 
vention; while 
Figures 4 and 6 are side elevations; and 
Figures 5 and 7 are end views from the right of 
the respective figures of two modified forms of 
the mandrel. 
As described in British patent specification No. 
547,880 (U. S. 2,393,979) the glass tube | being 
worked is supported between chucks 2, 3 which 
are constructed as described in that specification. 
They are traversed along guides 4, 5 by lead- 
screws 6, 7 fo carry the tubing through the heat- 
ing and softening zone constituted by a fui-flace 
in which the tube is heated suiïiciently to rénder 
it plastic. The chucks 2, 3 are carried on car- 
riages 9, |8. The lead-screws 6, 7 are driven 
from an electric motor |  vhich drives a- counter- 
shaft |2 through a belt |3, a large-ratio worm 
reduction gearing |4, and reversely stepped 
pulleys |6, |G enabling the speed of the counter- 
shaft |2 to be adjusted say, between |8 and 26 
revolutions per minute. The countershaft |2 is 
connected t0 the lead-screw 7 through equal 
pulleys |7, |3 and a belt |9. The gearing ratio 
between the countershaft |2 and the lead-screw 
6 is, however, variable by means of stepped 
pulles 2), 2| and a bel 22. The chuck 2 is 
moved forwardly more slowly than the chuck 
and the speed of the former can be adjusted fo 
regulate the amount the glass tube | is stretched 
aS it passes through the furnace 6. 
The barriages 9, !) carry split nuts which can 
be engaged with and disengaged from the lead- 
screws G, 7 so that the .chuck 2 can be moved fo 
the left as viewed in Figure 1 and the chuck 
moved close fo the furnace 8 in readiness fo be- 
gin the operation upon a length of glass Cane. 
The glass tube as if is drawn through the furnace 
8 becomes softened and is accordingly drawn on 
to the funace of the mandrel 23 shown in greater 
detail in Figure 3. 
The mandrel comprises a larger cylindrical 
length 24 Which tapers down af ifs forward end as 
seen at 6 and is formed with a central bore 26 in 
which the smaller cylindrical length 27 of the 
mandrel can slide. The part 27 has screwed into 
ifs back end, a mandrel driving rod 26 and 
larger part 4 has a mandrel driving tube 
fixed in ifs back end. 
The Chuck 2 is .constructed as described in lhe 
said pri0r specification except that the tube 38 
sélèd by a flexible tube af ifs rear end is some- 
Wtiát iarger to accommodate the màndrel driv- 
ing tube 29. The evaguating side tube is séefl 
3 | and is Cónnected fo the vacuum pump 32 which 
is. drien through a belt 33 by an electric moor 
34 te reduce the pressure within the glass tube 
The mandrel driving tube 29 passes back fo griïo- 
ping Jaws in a support 36 in which the jaws are 
J0unaled and are driven ïrom the motor 
through a belt 36 and a worm reductiòn geariiig 
in he support 36 so that the driving tube 29 and 
thè lrger par 24 of the mandrel are constantly 
rótted af relatively low spee_d.. 
The mandrel driving rod 2 extends backwards 
though the tube 29 fo beyond the end of he 
latter and is s.upported in and can slide in a guide 
bearing 37. The r0d 26 hàs a cross«head 3 fixed 
fo if and the cross-head bears the gudgeon pin 
of a connecting rod 39 pivoted fo a crankpin 
on a disc 4|. The latter is rapidly rotated by an 
elecric motor 42 through a belt  and pulleys 
4, , the pulley  driving the crankdiSc 
through bevel gearing, 47, 43. The result iS that 
the cross-head 38, the mandrel rod 28 and the 
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inner part 27 of the mandrel are continuously 
rapidly reciprocated by an amount equal fo twice 
the radius of the crank pin 8. The mandrel 23 
projects a short distance out oï the ïurnace 8 on 
 ifs discharge side so as fo give support fo the tube 
| until if has cooled and hardened. The mandrel 
23 is ruade oï resistant material such as stainless 
steel which wfll withstand the temperature in the 
furnace 6. 
l0 The conditions as fo temperature, the coating 
of the bore of the tube with lubricant and other 
precautions are taken care of as described in the 
said prior speCification. As the tube | is drawn 
through the heating zone in the furnace 6, if is 
15 softened and srëtched so as fo sink on fo the 
larger part 24 of the mandrel; if slides down the 
täPered portion 26 on fo the smaller length 
and is stretched or drawn on fo that length and 
the weight per foot of the finished tube is regu- 
20 lated by adjusting the relative speeds of the 
chucks 2, 3. 
Each of the forms of mandrel shown in Figures 
4 fo  consists oï one piece tapped ai the rear end 
af 46 in Figs. 4 and 5 and af 24 in Figs. 6 and 7 
25 to receive a mandrel driving rod 26 by means of 
which the whole mandrel may be rapidly recipro- 
cated.. Each mandrel has a non-circular portion 
for determining the final ïorm of the tubing, and 
therefore, the mandrel cannot be rotated. The 
30 mandrel drivirig tube 29 is therefore removed and 
a chuck 2 used with a smaller rear opening. 
In Figures 4 and 5, the Cylindrical part Sa 
tapers down af 26 and merges into the fluted 
section |23b, the drawing operation being effected 
35 as described with reference fo Figures 1 to 3, ex- 
cept that the whole mandrel |23 is reciprocated 
and hot rotated 
In Figures 6 and 7, the cylindrical part 223a 
tapers down af 226 and merges into the elliptical 
40 section 223b and the operation is the saine as for 
Figures 4 and 5. 
I claire: 
1. An apparatus for ïorming a thermoplastic 
tube with an accurately flnished bore compris- 
45 ing a maridrel having two parallel lengths of 
different diameters connected by a tapered por- 
tion, means for supporting said mandrel, .feed- 
ing means for drawing a length of tubing over 
said mandfel to pass flrst over the mandrel length 
50 of ]arger diameter, then over said tapered man- 
drel portion and the mandrel length of smaller 
diameter, and a heating source for softening said 
tubing during pasgage thereof over said man- 
drel. 
55 2. An apparatus for ïorming a thermoplastic 
tube With an accurately finished bore compris- 
ing a mandrel having twó parallel lengths of dif- 
forent diameterS connected .b a tapered porti0n 
means for supp0rtii%g said mandrel, feeding 
60 means for drawing a length of tubing over said 
mandrel fo pass frst over the mandrel lensth of 
larsèr diameter, then over said taperèd mándrel 
p0rtiön knd thé mandrel length of smaller diam- 
eter, a heating source for s0ïtening sáid tubing 
65 diing iassage thereoï ovér Said mandrel and 
means fbr rapidly reCipr0ating said mandrél 
lehgttl of Smallèr .diàmet.er relativelY tò said 
tubing iii the diêeièn of thè ax-is thêe0f. 
3. iii the method of forming a tube with an ac- 
0 curatei finished intérnai surface ïrom thermo- 
plastic material, the novel steps of dra.wing a 
length of tubing in soïtened condition on a fist 
párallei length of mandrel thon over á taperêd 
léngth of mandrél, nd finally over  Sécónl 
 ailei iéngïi of mandrel haing smaliër cr6s.- 
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sectional dimensions than said flrst length and 
thereby imparting the cross sectional form and 
dimensions of said second length to the interior 
of said tubing. 
4. In the method of forming a tube with an ac- 
curately fmished internal surface from thermo- 
plastic material, the novel steps of drawing a 
length of tubing in softened condition on a flrst 
parallel length of mandrel of circular cross sec- 
tion, then over a tapered length of mandrel, and 
fmally over a second parallel length of mandrel 
of circular cross section but of smaller diameter 
than said first length and thereby imparting the 
cross-sectional form and dimensions of said sec- 
ond length to the interior of said tubing, and 
continuously rotating said flrst length of man- 
drel during the drawing operation. 
5. In the method of forming a tube with an ac- 
curately llnished internal surface from thermo- 
plastic material, the novel steps of drawing a 
 length of tubing in softened condition on a flrst 
parallel length of mandrel, then over a tapered 
length of mandrel, and fma]]y over a second par- 
allel length of mandrel havlng smaller cross- 
sectional dimensions than said first length and 
thereby imparting the cross-sectional form and 
dimensions of said second length to the interior 
of sid tu'bing, and rapidly reciprocating at least 
said second length of mandrel axially relatively 
to said tubing during the drawing operation. 
6. In the method of forming a tube with an ac- 
curately fmished internal surface from thermo- 
plastic material, the novel steps of drawing a 
length oï tubing in softened condition on a flrst 
parallel length of mandrel oï circular cross sec- 
tion, then over a tapered length of mandrel, and 
fmally over a second parallel length oï mandrel 
of circular cross section but of smaller diameter 
than said flrst length and thereby imparting the 
cross-sectional form and dimensions oï said sec- 
ond length to the interior of said tubing, contin- 
uously rotating said flrst length of mandrel dur- 
ing the drawing operation, and rapidly recipro- 
cating said second mandrel length axially rela- 
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tively to said tubing during the drawing opera- 
tion. 
7. An apparatus for ïorming a thermoplastic 
tube with an accurately finished bore, compris- 
5 ing a mandrel having two adjacent coaxial 
lengths of circular cross section and of different 
diameters, said length of larger diameter having 
a portion which tapers to the cross-sectional di- 
mension of the other length, the length of larger 
10 diameter being mounted for rotation, feeding 
means for drawing a length of tube over said 
mandrel to pass flrst over the mandrel length of 
larger diameter, then over said tapered mandrel 
portion and the mandrel length of smaller diam- 
15 eter, a heating source for softening said tube dur- 
ing passage thereof over said mandrel, and means 
for continuously rotating that length of the man- 
drel having the larger diameter. 
8. A method of reshaping a length of rigid tube 
20 of thermoplastic material to have an accurately 
dimensioned internal bore, which comprises pro- 
gressively longitudinally softening a length of 
said rigid tube of thermoplastic material by heat- 
ing, drawing said softened tube down fo a re- 
25 duced diameter by longitudinal stretching while 
causing said softened tube to conïorm to the 
surface of a supporting mandrel on both sides 
of, and at, the region where the reduction in 
cross section takes place. 
30 SAlY£UEL JAMES EVERETT. 
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